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‘Ibis paper presents the current statas of both ccmtinuoas and
periodic crpcl-alien sorption crycrcrrolcr dcvcloptncnt  for
ashpbysics  missions requiring rcfrig,cratioa 10 4 K and
bclo\v. ‘1’hcsc crmlcrs arc uniquely suited for cooliflg,
ddcctors  in plaanccl as t rophysics  miss ions  sac}) as tlIc
IXplor[ilion of Nci.gbborinF,  l’lanclary Systctns l’lanci ]:indcr
A r r a y .  ‘1’bc coo}cr rcquircmcnts imprrscri by tbcsc missims
include tcn year Iifc, ~cro-vibratirm, ~cro ILM l/l~M(I operation
and lhc abilily 10 scale designs to provide only a fc\v
nlilli\vatts of rcfrigcl-atinn \vhilc consumitlp,  only a fc\v \valls
of input po\vcr.

Spaccfli@t icst rcsulls arc sunlnmi~c(l for ibc llrillianl  Ilycs
‘1’clkl(clvin S o r p t i o n  (kyocoolcr  ltxpcrimcnt. ‘[’his
cxpcrin]cnl successfully validated flight cdcr pcrt”rrrmancc
a n d  plovidccl cbaractcrizatirrn of all sorpl ion ccmlcr dcsip,a
parameters  which n]i@t have shown sensitivity to
microgrfivily cffecls. Groand tcsl malls from a continwws
2S K cooler plaancd for  usc  it] a  long  clura{irm airhmac
ballrrml cxpcrinlcnt arc also prcscnlcd. l;inally, a  N A S A
program to cicvclop 30 K, 10 K atd 4 K \ihrdim~-f[cc  coolcts
for astrophysics missions, which will starl ia l~Y 1997, is
oullincd.

Kcy\vor(is: cryocoolcrs, sorption cryocmlcrs,  tclcscopcs,
inftrard  tclcscopcs

1. lN’1’I{OI)L10’l[)N

‘]hc hcritag,c provided by tbc many sacccssfal  dc.\var cocr]cd
n]issions (c.g,. 1S0, Ii< AS, (X)lll;, and tbc no\v underway
W] 1<1 t and S1l{’l’l:)  has cnzihlc(i  lhc scrirms crmsidcration and
dcvclopmcnt of a nc\v generation of aclivcly corrlcd space
inslrulaca( dcsig,a conccpls. “llIc intcrcs( in cryococrlcrs hcing,
shrrwII by tbc dcsip,ncrs of these missions is a rcsall of the
sabsianlial mataratirm of cryocoolia!, tcclmol(rgics, which has
occarl cd over tbc past Icn years , and of an increasing
awareness wi[llin the scicnl itic conummity  of the potential
hcncflts offered by tllcsc tccbncrlogics. ‘1’hc utilizalioa of
kmp,-]ifc cryocordcr+ allows mission dcsig,acrs to rcfl ig,cl ate
brrp,c ftmnat dctcclrrr arrays dut inp, tca year missions. The
volume and mass saved tbrrmph tbc usc of active coolers, in
comhinalion  with passive radiators, enable mission dcsip,llcls
to pack much Iarg,cr tclcscopc apcrlarcs  in(o a p,ivcn launch
vcbiclc than woalcl bc possible ia a dc\var cmlcd  missioa
“1’has, many of’ the  miss ions  lhat l aunch  af~cr 2(K)5 \\’ill
incorlmtitc  cryocorrlcrs.

Ashopbysics  missions now in the early dcsip,n phase of
(icvclrrpmcnt, \vhich  incorpcrratc l o n ~ - l i f e ,  vibration-ft c c
cryocrxrlcrs inc[uclc the I{xplora~ion of Nci@boring  IJlanc(ary
S y s t e m s  (l;xNI’S), the NCXI  Gcncraticm Space Tclcscopc
(N(iS’1’j  and I)arwia. III addition to I}ICSC precision poinlinp,
nlissions, modera te  rmrlatirm  missicms such as 1:1 I{S’l’ and
[X)llRAS/SAh411A arc incorprrratins kr\v-vihralicrn
clyocorrlcrs. ‘1’bis paper gives a discussion of the statc-of-lbc-
at [ in sorption ccrcrlcr fccbnology  and bow rcccnt work in tbc
field is being dircctccl to\vard the goal of ptmducing sorp~ion
coolers for fatare  space based as(ropbysics missions.

2. I; LI’I’(JI<I; N41SSION  [XYO(XK)l,l;l<  I{ I;QIJII{I{N41;N’I’S

hfos( of the mission concepts ncr\v mdcr cicvclcrpmcnt \vill
opcralc ia thcmally  advantagccras orbits f(w scict]lific attci
cn~,inccring, rcasrrns first pointed out by tbc 1;1)1 SON kam
(’1’hronson, ct al 1992). observing strategies and
lclcsc.opc/spacccraf( cotifigarations arc being, ckvclrrpcd to
ful!y cxplcril  these orbits, \vhicb place all of tbc -300 K
dc\riccs aocl S(I actatc  together on a \varnl spacecraft bus
oriented towards the san and c.arlb. The cold tclcscopc and
scicncc instranlcnts are rctncrtcly located from tlIe \\ a r m
spacccraf( bus and thermally isolated by several radia(ivc
Sal I-aces, ‘1’his enables optical S~rllCtllrCS  to bc r’adiativc!y
cooled to as low as 20 K \vilbcrut lhc usc of coolers or dcwars
(1 lawaldca, ct al 1992 atd Wade, ct al 1996).

\Vliilc  passive rarlifilivc cooling is very cffccti\c  whca
ptoviding cnvirolln]cntal sbiclding of cxlcndcd slractarcs  and
o~iics, it is of[cn not very cffcctivc for ahsrrrbing, ac(ivcly
p,cacralcd  loads (e.g. electronics, high band\\idth  actaators,
and dctcctms) at tcn~pcral  arcs bclo\v 5 0  K. ‘1’ypical
lcqaircmcnls  for astronomical lclcscopcs \vllich  require active
[c frip,cralirm inclurlc cmrling al rmc or more of the following
tcmpcratarcs: apprmimatcly  2 5  K f o r  big,h bandwichh
aciaators. lnSb, and QWI 1’ dctcctrrrs; bctivcca 4 and 8 K for
Si:As 11111  arrays; at 4 K for Si:Sb 11111  anays,  S1S hclcIodyIIc
rwcivcrs,  and for tbcrmal sinking of magnetic, dilution, and
1 lcliun]-3 coders uscci to cool bolrmctcrs  to 0, I K,

Sc\fclal of lIIC nmrc challenging rcquircmcats  for active
coolers atc \vcll illustrated by the l;xNI’S mission. “1’hc
ILxNI’S  program is tasked to detect, image, and cbaraclcri?c
planck  arouad other solar systems. ‘1’hc  l~xNl]S I]lanct ]:inrter
Arl ay (1’lA) consists of four 1.5 m tclcscopcs, pass i\’cly
cooled IO 30 K, on a 75 m bascliac whit}) are opcrdccl as a
nullinp, intcrfcromc(cr, a beam combinct-  that is also corrlcd to
30 K, and a detector ibat is crm]cd to 4 K, ‘1’hc I’1’A, alons
\vith its spaccc.raft bus aad c o n n e c t i n g  stractarc,  \vill bc
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Iauachd ml to 5 At] osing a Vct~~ls-ltarll]  -liarll] gravity assisi
lr:~cclory on ils niac year mission. ‘1’bc  I’I:A nlost frI within
m Atlas IIAS sl]roucl  (3.65 m diameter by 9.4 m lm~~,  \vitb S.3
m of Ihc Imglb lapcriag  10 a 0.81 JII ciiamctcr lip) ad wilbia rr
Iif( capability of oaly 1824 kg. IMc to the long daratioa  of
this missioaj iaitially  anfavmablc  tbcrmal cavimamctd
(especially ciuriap, Vcaus flyby), [iad limited Iauncb vcbiclc
slmod  volat~)c rrnd Iifl capability il is not feasible to usc a
dcwar to sapporl this missioa.

“1’bc lkN1’S  l’l~A is dcsigncrt to opcralc al 10 microas with a
20?40 bandwidlb  usiap, dcslractivc  intcrfcrcacc  to ‘remove’ the
lip,bt from lbc ccnlral slar, which is 1,000,000 limes brigb(cr
than mi carib-like plmct  \vmIld bc. Combiaiag, tbc high
rcsolalioa  of this away and llIC need 10 JIIIII tbc lar~cl solar
systcm ccatrtil sliit lca(is 10 a poialiag, rcciaircmcnl of
rrpiN oximrrtcly I o-6 arcsccoa~s. Stirling aaci l’ai.se Tobc
cooicrs, 01- cooic.rs usiag simiiar comprwsrrrs,  can ml bc mcd
10 activciy c o o l  ti)c IIxNI’S  I’l:A focai pianc as ti)c rcsicioal
vii~ratioa  pcl-ilcndicuizu  k) tile comiwcssor axis  is  tyi~icaiiy
0 . 2 S  N  dcspilc 9til bammic vibra(irm naiiinp,  cicctroaics
(Smc(iicy, .ioimsrm,  aact Ross 1995), To do better tilan lilis,
lilrcc a x i s stabiiimtioa  acluators woai(i bnvc 10 i)c
illco]pmalcd into ti)c compressor  aad cxpaadcr, aim:,  wilil
rc(iaaciaal actaalorx IMc to tile iligb dialcmionai  slabiiity
rcqaircmcals  (-- 10-10 m), slrin$cnl pointing rcciuircmcnls,
aact tile (ii flicaiiy  of il~tcp, ratiap, this asscmbiy into ti]c beam
cmbil]cr, usc of tbcsc coolers is not dccincd feasible.

‘1’bc  solar array for tilis missim  mas( bc si?ccl to e n a b l e
oi~scrvalions at 5 A(1 when po\vcr is 25 times toag$ct-  10 COIIIC
by ti)ii[)  at  1 A(J. ‘1’hcrcf(rrc any cooicr iacorporatc(i into ti)c
i kNi’S  (icsiga mus( i~avc very  iow pmvcr rcqaircmcnts. ‘lo
acilicvc ti~is rcqoircmcnt, tile cooler mas( bc capable oftakinp,
foii advaatagc of ti~c favcrrablc thcrmai environment cajoycd
ciuriap, obsct vations zimi to scaic (iowa to a si~c ccmmcasaratc
witi~ the JxN1’S l]I:A missioa dclcctor cooling I-cqaircmcat of
apiwoximatcly 5  mW at 4  K. An a(i(iitioaai sttiag,cat
rcqaircmcnl  is  imJmsc(i i~y tbc ricsirc 10 do sJJcckoscopy on
ti]c [iclcctc(i nci@boriag  piaactary  syslcms. IN this nmic,  lim
fiaal sip,aal i s  mcasarcd ia cicclrws  p c r  bow. 1 lcarc,
csscatialiy  M cmicr imiocc(i  llMi/1;h4C is accci~ttiblc.

(h]iy sori~tioa coolers can meet tiIc s[riagcnt crmbiaation  of
l i f e ,  vibralirm, m a s s ,  voiamc, p o w e r ,  aad l\h4i/l;h4(:
rcquircmcnts posc(i by missions saci] as ti]c IIxN1’S  l’l;A.

3. S’I’A’I’LJS  OF SOI{l’”1’ION”  (:i<Y()(X)[)l ,lN(i
‘1’i;(:l IN()] 40(;Y

3.i S(~tl~(i(lll’1’cciill(Jlc)p,ySllt]ltl]ary

SCVCI  iii review pai)crs i]avc bcca pubiisi~c(i wi~icil cicscribc tiic
ilis(ory ami b a s i c  conccilts bcbiml tbc v a r i o u s  kia(is of
stll-i~tiollcoolcls(Wa(ic 1993 ami 1991).

'l'iIcc  ilz]ritctcrisli csofsorlJtiollc  t~oicrs\\'i]icil  arc imimrlaat to
missioa designers illciudc.:
1 )  'i'llc:il)iiit>t oiocatca  li\Jarlllco  l]]po]]cllts(i irccliyollti]c

Jwfmcd beat rcjcclioa  sarfaccs to boti~ a]inia]izc systcm
m a s s ,  simi)iify tile mccbanicai cicsig,a, rImi to ptcvcnt

z

3

4)
5)

Iilcrlllal parasilics into lilt i~assivciy cmlcd  rcg, ioas oftim
tclcscopc;
Miaimizcct ct-yos(at si?c to simi>iify intcgralioa  ialo tile
scicllcc iastl-amcat b e a m  combimr  o r  focai phmc.
assembly;
l)ia]ca.sional slability rm Ibc micr of tile amJ~litucJc of
lat(ic.c vibrtrtioas in a simple block of slainicss s(cci;
Zero ILM1/l;h4C  cffcc(s m Iitc scicncc inshumcnts;
lkhcmciy  imv power usage. ‘1’bis caa bc rrci]icvc(i
tilrc)~]f,i)takitlgfllli advtitltagc oftilc(ilcrlll:li  ctlt’ircjrltl]cl]t
to tniaimizc cavironmcatai  loacis, iatcrccilt p a r a s i t i c ,
and to prccoo] lbc refrigerant, Combiniag, tile ag,grcssivc
usc of t h e  tilcrmai caviroamcat  \vitil Ii)c a b i l i t y  to
iiacal-ly scalcti]c  sizcaad tilcrcbyti)c  it~J>l!tpo}vcrt[~tllc.
cmrlcr m a l t s  ia cxtrcmcly smail syslcm imvcr
rcqtliremcllts, l’rc(iictc(i  roic-of-ti]umb  pcrformaacc
ranges  for  cmlcrs  ti~at provi(ic Icss tilaa 100 mW of
cooiiag,,  rcjccl tilcir inpot pmvcr at approximately 300 K,
aad arc dcsigac{i  for fli.gbt arc:

a) 300-400 \V/Wat20K
b) 700-900 W/W at 9 K
C) 3,()()()-5,()()() W/W at 4K

‘I”hcsc cs(imatcs arc bascci oa a  60 K prccmiiag
tcmpcratatc  aa(i dcsip,as iacorimrmtiap,  fa l l  f l ight  aad
gt-oua(i Icsl safety margias. ‘i”i]crcforc, a 5 m\V,  4 K
cwrlcr can bc built for flight which rcqaires  Icss thl 25
W of iapot power, Simiiariy,  a 20 olW, 9 K rcquircmcal
can bc met witil icss ti]aa 18 W of iapat  pmvcr.

I<cccm a(ivanccs h a v e  sabstantialiy  impmvcd ti]c fligilt
]cadiacss Icwi of soriiirm tcci)aology. ‘i’hc Ilriiliaat  Iiycs
‘1’ca-i(civia  Srrrijlioa  Gmicr  IApcrirncnt (11}3’S0;), (Ilard, cl
ai 1993 anti i997) wilicil  operated ia orbit ia May, 1996,
cxamiacci aii of ti)c dcsig,a ctlarfictc’ristics  w h i c h  coaid b c
aflcctcci b y  tbc microgyavity caviroamca(  ‘1’hc maitiap,
datasct provi(ics flight vaii(iatioo f o r  tile dcsig,a of futar-c
i,criociic auci coaliamos  sorption coolers,

A contiaaom  opcratioa 2S K ccro]cr  is bciag dcvciopcd  for tbc
lJ]li\crsity  of (:aliforaia  a t  Saata llarbara  ((l~Sll) l o n g
lhaation  IJaiiooa (ijI)Il)  cxpcritncat  (Wade an(i l,cvy i997).
‘1’ilis sin~lc-s[ag,c  cooicr w a s  [icsip,acct to mbustiy achicvc
stable performance while drmalicaiiy imJmving
cc~lllzil]]i]lzitiof~ tolcrancc,

3,’2 Summary of lli Yi’SCit l:ligilt Rcsaits  and
Accol]]Jliistltllcllts

lli~i’S(:ll is a pcrio(iic operation cooicr cicvclopc[i  to acilicvc a
coid c a d  tcmiwtitarc  of Icss ti]aa 11 K it] onctcr 2 mil]olcs
ftom a s(arliag tcmpcralarc  of 65 K. ‘1’ilis cxpctimcllt was
flows oa the sJ~acc si]at[ic lia(icavour dariag  tbc h4ay, 1996
S’I’S-77  n~issioa. As tiIc first hyciri(ic sor[)tioa cooler flight
cxpcrimct]t, i t  offered a  uaiqac  opporloliity  to mcasarc
mitt ogravily cflccts.

‘1 ilc in-fligi]t performance of 111~1’S(3  t i]as completely
vaiidatui  the asc of byiricic sorJ]tirrt]  coolers ia sJ>acc as no
olwxbit  dcgla(ialioa \vas fouad, ‘I”bc cooicr sacccssfoiiy
acilicvcci a coid tip tcmpcratarc  of JO.4 K in icss tim two
l~liaotcs f rom aa iaitiai tc.rnJ~craturc  of 70 K. ‘fbc moicr
J~rovi(ic(i i ()() mW of cooiinr, for 10 miaatcs.  ‘1’ilis cxccc(ic(i
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ibc 111;1’S(3;  pcrfomaacc  p,oals. la addition, a total of 8
quick corrlckwn cycles to liquid hyctrogca trmpcraturcs  were
accomplished, rrchicviag a miaimam tcmpcrtrtarc of 18.4 K.
A kr(al of 18 comprcsscrr cycles were complctcd aad the
a b i l i t y  to rcpcatably nchicvc tbc. 10.1 Ml>a h igh  prcssam
rrchicvcd in groand tcsti a:, was sacccssf ally dcmrmslralcd.

‘1’hc mcawmi  micmg,ravi(y e f f e c t s  m charac(cris(ics of
ialcwst  to all sorptioa cooler ctcsigtlcrs were:
1)

2)

3)

l,aNi~,~Sn(J,2 :iacl YrNi h y d r i d e  pmvdcr t h e r m a l
Cotldactivi(ics WCIC  pctbaps t h e  mosl impmlant
propcrlics to chrrractcri?c w e l l . ‘1’bc in-flipllt
cmldaclivilics  were dckrmiacd,  f r o m  t h e  fiitc of
almrplion  and (I}c absorption prcssarc, to have bcca
idcalical to those masarcd ia a cmc-g cavirmmcat.
Sapcrcooliag  of lhc n-hcxadccaac  phase chaag,c material
ia the l;ast Atmrbcr SOlbca[  IIcd is impmiaat to most
pcrirxiic opcratioa  cooler ctcsigy]s aact 10 some cmtiaarws
cooler dcsigms. Nrr cbangc in ih cxpcctcd 291 K mcltiag
tcmpcratarc  was observed.
‘1’lIc ability ofthc cryostat liqaid reservoir to scparak  aad
rctaia tmtb liqaid aad solid hydmg,ca sabs(antially affects
corrlcr capacily aad tcmpcraturc slabilily. Ag,aia, no
adverse microg,ravity cffccls w e r e  obscrwl in t h e
cryos(al cold head.

la sammary, lhc 1113 S~lt  flight data shows that no addilioaal
dc.si~,a margin is rcquirc(t to dcsig,a a hydride srrrptioa cooler
f o r  sl~acc missioas. l a  a d d i t i o n ,  IW’I’S(H; clcwly
ctcmonstratcd the feasibility of sacccssfally  clcvelrrpiap. aad
flyiar, a sorptirm cryocmrlcr ia space.

3.3 2S K lJ[:SIl  1 ,on~, l)aralirm IIallorm (:oolcr

A  coldinacms opcratirm 2 5  K  siagjc-slagc  cryocoolcr i s
cwcn[ly ia fiaal iatcgra(ioa aad test al J1’1. ia sapporl of a
hmp, daralirm ballorm cxpcrimcat to mcawrc  aaisotmpy ia the
Gxmic Micrmvavc  lklckgroaart ractialioa. ‘k 2 5  K 1.1111
cook is designed to provide 480 mW of rcfrigcra(irm with a
tcmpc~ atarc stability of bct[cr than 1 mK/s asiag a mcasut cd
220 W of input power. l’rccooliag of the  hyctrogca and
lllCllllill  shielding of lhc focal plaac. is provided by two
Suapowcr Stirling, cryrrcoolcrs, ‘t’hc fiaal ia[cF,rxtirm atld
pciformaacc  tm[iag,  of this cooler will bc complctcd ia ftill
1996.  l)clivcry  aad iakgratioa  of this ccmlcr iakr the U~Sll
clcwar package will occ.ar late ia 1996. ‘1’his (J~SII 11)11
cxpcrimca( is schcda]cd to fly crvcr An(arciica for two weeks
ia 1 )cccmhcr, 1997.

Siacc this cooler is the frrs( bydridc sorptioa cmlcr 10 hc used
10 Iwlp gather scicncc data, other than on the performance of
the hydride cooler itsclr, it is also the firsi to br dcsigacd to
sappml scicacc iastramcnt  rcqllircmcats. ‘1’hc usc of this
cooler in the 1,1)11 cxpcrimcat  has caahlcct the team at [IHII
to rcali~.c sabs(antial missioa bcacfits  b y  rcptaciag, tllcir
hascliacd 5(KI liter helium dcwar. l;lighls of oac to three
months  ia dara(ioa, planned for I_a[urc cxpcrimcnts,  woald bc
imprmsiblc without active corrliag.

llccausc  of the ovcrri(tihg,  crmcera 10 make the llU+l\  1,1)11
COOICI- safe aad raF,~,,cd, it has bcca built at a Icvcl cqaivalcat
10 fli@l cnp,iaccria.g  mrrdcl harrtwarc. IIrncc,  all of tbc

makrials,  fabricatirm and asscmtdy tccbaiqucs,  aad dcsig,a
awi safely marf,ias arc coasistca(  with ftight rcquirmcats.

‘1’hc most sip,tlificaal iaaova(icms in t h i s  cf~orl, whca
crmparcd  to previous sorplioa coolers, arc ia the materials
sclcciirra aad f a b r i c a t i o n  prrrc.csscs u s e d  to ajiaimizc
coa[anliaatiol~ lc’vcls. ‘1’his is especially imporlant siacc the
ptimary rdiahilily conccm for aay J-l’ co(rlcr is
c{ll~t:ill~it~atic~l~, ‘1’o  achicvc high reliability and to pmvidc a
bctlcr foaada(ion f o r  falarc  flighl missirms, t h e  crrolcr
s(t actarc  was catircly made of 3 t 61, VI M/VAR  stainless steel.
TtIc 1 )cp:irhncat of Iiacrgy’s Ames 1,abomtmy at lows State
llaivcrsity  provided 1.aNi4,@0,2  rnatcrkrl with sr purity lCVC1
over 10,000 times belter tllaa that used for fabrication of aay
soq)tirm corrlcr trcfrrrc (his. Assembly of the cooler \vas
coadactcd  cntirc]y in a  pur i f ied  aacl m o n i t o r e d  Ar[:oa
p,lrwcbcw.  Vacaam pump-out  porls were provided to each
volume withia the refrigerator for coatmiaatioa  rcmrval,

‘1 he cooler cryostat also has fca(arcs incorporated which
sltoald earrrmrrasly iacrcasc i t s  to!craacc to collt:ltllitl:ttiot],
I’01 ous J~laF,s with a diameter of approximately 0.2 cm arc
Nscd f o r  t h e  ac(aal cxpansirm rtilhcr than Ihc <0.002 c m
diamclcr orifrccs more commonly chosca aad arc mpcctcd  to
hc math morr crmtamiazilicm tolcraat. A[iditirmally, a 0.01
alictoa  fil(cr is p]accd al Ihc ialcl of t h e  J - 1 ’  cxpam+im
clcmcal. ‘1’hc  tcmpcralarc  of lhc rcfrigcraat  at this poiat will
bc approximately 35 K. AI 35 K cvca 1 ppm of ail
coast itac.ak, sach as oxyg,ca aad nitrogen, will solidify aad
catl bc fillcrccl OUI of the rcfrigcraat  stream.

‘Ibis ctcmcmsh-atirrn  that a hyb-idc sorption refrigerator call bc
fabricated ia a lightweight, iatcgrablc packapc, aad opcra[c
lcliab]y rlcspik a challcagiag, caviroamca[  will sabstaatially
advaacc the state-of-the art. l’hc pt orrf of d e t e c t o r
compatibility, as ctcamskitcd by the qaality of the scicacc
dala F,alhcred, a n d  vcriticatirm of corrlcr reliability rract
r ap,gcdacss will sigai(icaatly  add 10 the hct itag,c of sor[,tirm
cooler dcvclopmcnt  for falarc  astrophysics niissirms.

3.4 (krolil~g, to Tca Kelvia and I{ CIOJV

Qmtiaucms crpcratioa cxpaadcrs for usc bclmv 10 K with
hjdrop,ca,  rrrigiaal]y pmposcd by  Jrrncs 19X4 arc carrmtly
uldcr  aclivc dcvclopalcat, As hydmgca is a solid at this
Icmpcl-atatc wilh a vapor prwwrc  of only 1,9 km, a rmcl
expander is used. Imgsworlh aad Khaki (1996 aad 1995)
rcccatly dcscribcd a sacccssfal  l a b o r a t o r y  tcs( of such a
dcvicc, opcratioa  of this expaadcr  is initiaicd by usiag a
sl;iad;ird  J-’l’ cxpaasirm tcchaiquc  to coliccl liquid hydrogca ia
a rcscl-voir. If a pamp (or srrrhcat bed) is thca used  10
cvacaatc, the Iiqai(t reservoir which has a porous frltcr at its
cxi(, a sotid is formed. Stable coatiamm opcralirm is thca
achicvcd with a tcmpcratarc  gradicat ia t h e  r e f r i g e r a n t
rc.set-i,oir. ‘1’hc rcsalt  is that both iiqaid aacl soiid hydrop,ca  arc
ia the cold end. As tl]c solid sabtimatcs,  (IIC heat of fasioa
coadac(s back to the liqaid reservoir to frccx rcplacmcat
rc”frip,craat  aad the  hCat of vapori?atioa  pmvidcs U s e f u l
tcfrigcra[iori. Sach a ‘Slacier crmlcr’ operated al 9.7 K.

4 K sorptioa corrlcls have been proposed for many years
(1 lat-lwig 1 980). la the past hmvcvct tbc cooliag rcqairclnctlts



,.

.* cavisicrml  were usually hclwcca 0.1 and 1 W. The rcsaltiag
pmvct rcquircmn(  quickly hallcd falthcr  devclrrpllul cfforls.
Rcduccd cooling rcqaircmcnts, crmplcd w i t h  lhc rcccat
:ivai lability of hydride sorption umlcrs,  have made usc of
these l~cli~llI1/cllatc(Jal coolc.rs pcrssihlc. A typical 4 K thrcc-
sl;igc cooler ccmccpt is 10 usc an aclivatcd charcoal, such as
Smm  catbcm, cooled to 16 K by the firsl hydride s(agc as tllc
sotbcut nmlct ial. ‘1’hc high pressure helium rcfrig,crant is lhcn
ptccmrlcd 109 K usittg lhc sccmd  hydrirlc stap,c of lhc cmr]cr.

4. SOl<I’’l’loN (:001  /1;1{ l)llV1il .01’hflI;N’1” 1’1 /ANS

‘1’hc primary thrasl  for the ccmtiaucd dcvclopmcat of sorption
cryocoolcr technology will bc provided by a NASA [krdc X
fuadcxl rescatch and dcvclopmcnt program which sl[irls in I:Y
]997. ‘Ibis cfforl wi l l  k fcrcuscd on dcvclopinp,  a sclics of
vibra l ion-f ree  ctyoconlcrs  at 30 K, 6 to 10 K and 4 K in
sappot( of prccisioa pointing NASA astrophysics missions
such a~ lkN1’S ald NGS’I’.  ‘1’bcsc coolers will bc dciclopcd
al aa m~inccring  model Icvcl aad integrated into a scl ics of
challcag,ing, scicllcc cxpcrimcnls in :i manner similar 10 that
frrllowcd ia the 25 K 11)11 ccrcrlcr cffor[.

‘1’hc  I)lanncd  I;Y’97 cfl’ort  will s t a r t  with compcmcnl
rJcvclopmctIt to dctcrminc lhc two major opca issacs
rcmilling in sorpticra  corrlcr cicvclopmcl)t:
I  )  ( ’ a n  a  s o r p t i o n  complcssm opcla[c w i t h  stahlc

performance for lca years of cot~tinurrus opcralirm?
2 )  (’aa tllc c o n t i n u o u s  rrpcration, sab-lo K, hydrog,ca

sublimation Clyosla( dcvc]rrpcd  by 1 mgswrlh rrncl
Kl]a[ri provide stable long, term cooling? And if S O, fit
whl minimum  tcmpcl-alulc?

“1’lw icsul(s of lhcsc cfforls w i l l  thca bc fed inlo lhc
dcvclopmcat  of a cm]linmus  sab-10 K cmlcr  w h i c h  i s
platmd 10 starl in I:Y 1998. ‘1’his cf(ort in tam wil l  suppotl
the falutc  dcvclrrpmcnt of a cm]tinuom operation 4 K cocrlcr.

5, S(JMN4ARY

Most of the sorplion cryocmrlcr dcvclopmcnt being actiwly
pursued is focused on refrigerators which provide continuous
cooling al tctnpcraturcs  below 30 K and at loads of well uadcr
0.1 W. ‘1’hc. succcssrul flight of the lllU1’S~li  cmrlcr has
clcal Iy dcmcmstratccl  the suitability of sorption tccllmlog,y for
spaccflight applicalims. ‘1’he  traasitioa  of these crxrlcrs from
a dcvclopmclit Icvcl pt-imatily  ccmccmcd w i t h  tc.chtmlogy
(lcmmstr:itirra to a level primarily conccrncd with sapportinp.
ag),gtwssivc scic.ncc miss ions  bas been initiated with the
dcvclopmcal  ofthc 25 K 1.1)11 cooler.

I t  sums rcawmah]c thaI, lvitll lhc plamcd  clcvc]opmcllt
cfforls, sorption ccrolcrs will rcacb maturrrlion  and, in doiap,
so, enable several ofthc most ambitious and exciting scientific
missions yet conccivcd.
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